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Summary

 

Background

 

The aim of the study was to characterize lipid oxi-

dation at exercise in adults with growth hormone deficiency (GHD)

and to evaluate the effect of 6 and 12 months of GH replacement

therapy on substrate carbohydrate (CHO) and lipid utilization at exercise.

 

Patients and measurements

 

Twenty-five patients with GHD

and 40 matched controls participated in the study. Ten of the 25 GH-

deficient patients were treated with recombinant GH for 12 months.

Anthropometric measurements and exercise calorimetry were

performed before and after treatment. Maximal fat oxidation and the

crossover point [that is the percentage of the theoretical maximal

power (Wmax th) where CHO become the predominant fuel used

for oxidation] were determined.

 

Results and conclusion

 

The GH-deficient patients exhibited a

highly significant shift in the balance of substrate oxidation during

exercise, towards a decrease in fat oxidation, and a shift towards lower

intensities of the crossover (52 

 

±

 

 5·5% 

 

vs.

 

 72·6 

 

±

 

 6·6% of Wmax th,

 

P

 

 < 0·03) and maximal fat oxidation (131·04 

 

±

 

 14 

 

vs.

 

 234·4 

 

±

 

 30·1 mg/min,

 

P

 

 < 0·03) in the GHD and control groups, respectively. However, GH

treatment at 6 and 12 months partially reversed this defect, resulting

in an increase (+83%, 

 

P

 

 < 0·001) in the maximal ability to oxidize

fat during exercise. These findings are consistent with the hypothesis

that a lack of GH reduces the ability to oxidize lipids during exercise

and that GH treatment restores this muscular metabolic property.

(Received 26 October 2005; returned for revision 3 January 2006; 

 

finally revised 7 February 2006; accepted 10 February 2006)

 

Introduction

 

Adult growth hormone deficiency (GHD) results in abnormalities

in body composition,

 

1,2

 

 fuel metabolism

 

3,4

 

 and exercise performance.

 

5

 

Many studies have reported changes in body composition in GH-

deficient patients and their reversal under GH replacement. In

general, GH-deficient patients have been shown consistently to have

reduced skeletal muscle, reduced fat free mass (FFM) and increased

fat mass.

 

6–8

 

 Fat is accumulated in a central distribution, mostly in

visceral tissue. These defects are associated with impaired insulin

sensitivity

 

9,10

 

 and result in adverse metabolic effects. Replacement

therapy with recombinant GH tends to normalize these defects and

provides physical and psychological benefits.

 

11,12

 

 Because of its

anabolic and lipolytic actions, GH improves body composition,

muscle mass and physical fitness, which are altered in GHD. Indeed,

in all reported studies investigating the effects of GH treatment on

body composition, an increase in FFM with reductions in fat mass

 

7,13

 

has been reported. It is also known that adult patients with GHD

have a low basal metabolic rate that is enhanced with GH treatment.

 

6

 

An important mechanism of the body’s adaptation to exercise is

the availability and selection of energetic substrates used for

oxidation during muscular activity. Standardized protocols have

recently been proposed to assess this balance between lipids and

carbohydrates (CHO) oxidized during exercise with indirect

calorimetry.

 

14–16

 

 With this approach, the balance of substrates at

exercise has been studied in different populations (sedentary,

children, diabetics, obese, athletes), but its pattern in GHD, as well

its alterations under GH treatment, remain unknown.

Therefore, the aim of this study was first to describe the balance

of energetic substrates at exercise in GHD (compared to matched

controls), and also to evaluate the effect of 6 and 12 months of GH

replacement therapy in these patients.

 

Subjects and methods

 

Patients

 

Twenty-five patients with GHD and 40 controls matched for age and

body composition participated in the study. Diagnosis of GHD was

established according to international consensus recommenda-

tions.

 

17

 

 Anthropometric and morphological characteristics are

shown in Table 1. GHD was diagnosed by clinical characteristics and

GH response to insulin hypoglycaemia or glucagon propranolol

stimulation tests. GH maximal response had to be less than 10 

 

µ

 

UI/ml.

To evaluate 6 and 12 months of GH replacement therapy, 10 of

the 25 GH-deficient patients (seven women and three men, mean

age 43·1 years, mean weight 71·4 kg) were treated with GH
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recombinant. Clinical data concerning these patients are given in

Table 2. All patients had adult-onset GHD and were equilibrated

concerning the different pituitary insufficiencies before GH

treatment. A physical activity questionnaire was completed and

subjects were asked to maintain their exercise habits.

 

Initial instructions

 

Subjects were asked to fast overnight before testing and take

substitutive hormonal treatment as usual.

 

Anthropometry

 

Weight, height, waist and hip measurements were obtained and body

mass index (BMI) was calculated as weight in kilograms divided by height

in metres squared (kg/m

 

2

 

). Body composition as fat mass and FFM was

assessed with a multifrequency bioelectrical impedance instrument

(Dietosystem Human IM Scan) using the following frequencies: 1, 5,

10, 50 and 100 kHz. Analysis was performed with the software Master 1·0.

 

Borg scale

 

The rating of perceived exertion (RPE) was assessed with the Borg

scale, quoting RPE values between 0 and 10.

 

18

 

Treatment

 

Administration of GH was initiated at a dose of 0·15–0·2 mg/day by

nocturnal subcutaneous injection and increased progressively to

0·2–0·6 mg/day according to clinical manifestation, and targeted to

normalize IGF-I values according to sex and age. The dose of GH

treatment at 12 months was optimized and higher than at 6 months.

 

Exercise testing

 

The subjects performed an exercise test on an electromagnetically

braked cycle ergometer (Ergoline Bosh 500) connected to a breath-by-

breath device (ZAN 600) for gas exchange measurements (VO

 

2

 

 and VCO

 

2

 

).

To individualize the increment of exercise testing,

 

19,20

 

 the work-

load of each step was calculated from the theoretical maximal aerobic

power (Wmax th), that is power corresponding to the theoretical

VO

 

2

 

max. These theoretical values were calculated before the exercise

test as described previously.

 

19,20

 

 Consequently, the subjects under-

went a test with the same relative incremental workload and were

compared at the same percentage of their Wmax th.

The test consisted of five 6-min steady-state workloads corre-

sponding to 20%, 30%, 40%, 50% and 60% of Wmax th and ended

by incremental steps of 1 min to maximal power workload. Heart

rate was monitored continuously throughout the test. Ventilatory

parameters (VO

 

2

 

, VCO

 

2

 

) were recorded during the last 3 min of each

workload. Pedal frequency was maintained at 60–70 rev/min

throughout the test.

 

Fat and CHO oxidation

 

Whole-body substrate oxidation was calculated from the

measurement of the respiratory exchange ratio (RER = VCO

 

2

 

/VO

 

2

 

in expired gases). VO

 

2

 

 and VCO

 

2

 

 were determined as the means of

measurements during the last 3 min of each workload, according to

MacRae 

 

et al

 

.

 

14,15,21,22

 

The percentages of CHO and fat oxidation were calculated by

using the following equations:

 

23

 

% CHO = [(RER 

 

−

 

 0·71)/0·29] 

 

×

 

 100

% Fat = [(1 

 

−

 

 RER)/0·29] 

 

×

 

 100

Fat and CHO oxidation rates were calculated from the gas exchange

measurements according to the nonprotein respiratory quotient

technique:

 

24

 

CHO(mg/min) = 4·585 VCO

 

2

 

 

 

−

 

 3·2255 VO

 

2

 

Fat(mg/min) = 

 

− 

 

1·7012 VCO

 

2

 

 + 1·6946 VO

 

2

 

with gas volume expressed in ml/min. CHO and fat oxidation rate

were normalized by FFM. This calculation provides a determination

of the proportion of CHO and fat, and thus provides a simplified

evaluation of the balance of substrates oxidized by the body

assuming that the part taken by protein is negligible during a 30 min

of exercise.

After smoothing the curves, we calculated two parameters

representative of the balance between fat and CHO utilization

induced by increasing exercise intensity: the maximal fat oxidation

point (Lipox max)

 

22

 

 and the crossover point. Lipox max is the point

Table 1. Anthropometric characteristics in GHDA and controls group

GHD (n = 25) Controls (n = 40) P

Sex ratio (M/F) 11/14 17/23

Age (years) 36·7 ± 2·6 36·5 ± 1·4 NS

BMI (kg/m2) 26·6 ± 1·22 27·8 ± 0·9 NS

Body fat (%) 30·4 ± 0·01 33·1 ± 0·01 NS

Table 2. Clinical characteristics and treatment of 10 GH-deficient patients 
treated with GH

Patient no. Sex Aetiology Treatment

1 M Pituitary adenoma LT4, SS, HC

2 M Haemangioma LT4, SS, HC

3 M Post-traumatic LT4, SS, HC, D

4 F Sheehan LT4, HC

5 F Pituitary adenoma LT4, SS, D

6 F Pituitary adenoma LT4, SS, HC

7 F Pituitary adenoma LT4, SS, HC

8 F Sheehan LT4, SS, HC

9 F Sheehan LT4, SS, HC

10 F Sheehan LT4, SS, HC

M, male; F, female; LT4, -thyroxine; SS, sex steroids; HC, hydrocortisone; 
D, desmopressin.
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where the increase in fat oxidation induced by increasing workload

reaches a maximum, which will then be followed by a decrease as

CHO becomes the predominant fuel. It is calculated as described in

our previous papers on the balance of substrates in children

 

15

 

 and

adults.

 

22

 

 Crossover point is defined as the power at which energy

from CHO-derived fuels predominates over energy from lipids.

 

22

 

Laboratory measurement

 

Serum IGF-I was assessed with a Mediagnost radioimmunoassay

(Germany). The sensitivity was 0·1 ng/ml with a between-assay

coefficient of variation of 7·4%.

 

Data analysis

 

Comparison of different parameters of body composition and

metabolic parameters during exercise were performed with the

Student 

 

t

 

-test for unpaired data. Significance of differences with the

treatment on 6 and 12 months were determined by using repeated-

measures analysis of variance (

 



 

). Post-hoc comparisons were

made using Sheffe’s test for significant difference. For all statistical

analyses, values were expressed as mean (

 

±

 

 SEM) and significance

was accepted at 

 

P

 

 < 0·05.

 

Results

 

Cross-sectional study

 

Anthropometric characteristics.

 

Patients appeared to be well

matched for age, sex and BMI (Table 1). However, the waist-to-hip

ratio was different between GHD and control groups (0·87 vs. 0·81,

respectively, P = 0·002), suggesting that the mass of abdominal adi-

pose tissue was higher in the GHD group.

 

Substrate oxidation during exercise.

 

Figure 1 shows the crossover

point and Lipox max in the GHD and control groups. The cross-

over point of substrate oxidation was significantly lower in the

GHD group than in the control group (52 

 

±

 

 5·5% 

 

vs.

 

 72·6 

 

±

 

 6·6% of

Wmax th) (

 

P <

 

 0·03). Lipox max shows a tendency to decrease in the

GHD group but this decrease was not significant (

 

P <

 

 0·06). The

lipid oxidation rate at the level of the Lipox max was significantly

decreased in the GHD group compared with the control group

(

 

P <

 

 0·001) (Fig. 2).

 

Follow-up study

 

Anthropometric characteristics.

 

For the same BMI, FFM (in kg)

increased significantly after this treatment (P = 0·01). The post hoc

Sheffe test showed a significant difference between measurements

performed at 0 and 6 months (P = 0·04), and between those per-

formed at 0 and 12 months (P = 0·04) (Fig. 3).

 

Hormonal parameters.

 

Plasmatic IGF-I concentration was increased

significantly after GH treatment (61·2, 157·4 and 187·4 ng/ml at T0,

T6 and T12, respectively) (

 

P

 

 = 0·009).

 

Substrate oxidation.

 

The maximal power increased significantly

after treatment (102 

 

±

 

 16, 121·6 

 

±

 

 18 and 137 

 

±

 

 25 W at T0, T6 and

T12, respectively) (

 

P <

 

 0·01). Figure 4 shows that the crossover

point, expressed in percentage Wmax th, was increased significantly

with treatment (

 

P

 

 < 0·02). The same result was found when cross-

over point and Lipox max were expressed in Watts (35·1 

 

±

 

 7·5 W at

T0 

 

vs

 

. 47·9 

 

±

 

 4·1 W at T12, 

 

P

 

 < 0·03, 40·3 

 

± 

 

5·4 W at T0 

 

vs

 

.

49·6 

 

±

 

 7·1 W at T12, 

 

P

 

 < 0·05). Additionally, fat oxidation at the level

of the Lipox max was significantly increased with treatment

Fig. 1 Comparison of substrate oxidation parameter (in percentage 
Wmax th) in the GHD group and controls. *P < 0·03.

Fig. 2 Comparison of fat oxidation at Lipox max (mg/min) in the GHD 
group and controls. *P < 0·001.

Fig. 3 Evolution of fat free mass (kg) after GH treatment at 6 and 12 months 
(T6 and T12) in comparison to T0. *P < 0·04.
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(80 

 

±

 

 11·9, 104·8 

 

±

 

 16·4 and 146·5 

 

±

 

 16·7 mg/min at T0, T6 and T12,

respectively) (

 

P <

 

 0·001) (Fig. 5). The RPE assessed with the Borg

scale decreased along treatment time when it was measured at 30%

Wmax th (

 

P

 

 < 0·01) (Fig. 6).

 

Discussion

 

The main result of this study is that GH-deficient patients, compared

to controls matched for age, sex and BMI, exhibit a highly significant

change in the balance of substrate oxidation during exercise, towards

a decrease in fat oxidation, and a shift towards lower intensities of

the powers at which the crossover and the maximal fat oxidation rate

occur. Therefore, there is impairment in the ability to oxidize fat during

exercise in GH-deficient patients. However, GH treatment partially

reverses this defect and restores fat oxidation during exercise.

Specific exercise tests designed for measuring the balance of

substrates at exercise in either athletes

 

25

 

 or patients

 

22

 

 have only

recently been introduced, because it has been difficult to convince

physicians and scientists that calorimetric equations could be used

accurately during graded exercise tests. Contrasting with long

duration (> 20 min) steady-state workloads, physiologists were

concerned with the stability of gas exchanges during steps of exercise

shorter than 10 min. Based on our previous studies on calorimetry

during long duration steady-state workloads,

 

16

 

 we developed a test

 

22

 

consisting of five 6-min submaximal steps, in which we assumed

that a steady state for gas exchanges was obtained during the last

2 minutes. In fact, there is now a large body of literature to support

the validity of such protocols of exercise calorimetry.

 

26

 

 The theoretical

concern was that, when exercise is performed above the lactate

threshold, there is an extra CO

 

2

 

 production that can be assumed to

interfere with the calculations.

 

21

 

 However, below 75% of the

VO

 

2

 

max, this increase in CO

 

2

 

 has no measurable effect on calori-

metric calculations

 

27

 

 and thus these calculation closely predict the

actual oxidation rates that could be measured with much more

sophisticated and expensive approaches such as stable isotope

labelling.

 

27

 

 Clearly, even at high intensity exercise, respiratory gases

are mostly the reflection of the balance of substrate oxidation. In

addition, despite the theoretical uncertainty about the stability of gas

exchanges during such short bouts, protocols of graded exercise

calorimetry with only 3-min duration steps have been carefully

validated and used successfully,

 

25,28,29 further supporting the

accuracy of our protocols based on 6-min steps. In general, we

consider that graded exercise tests for exercise calorimetry can

currently be considered as validated. In the case of GHD and GH

treatment, it could be argued that important changes in protein

metabolism may be expected that cannot be taken into account with

this method, which assumes that energy expenditure increases

dramatically during exercise and the role taken by protein oxidation

can be neglected. In fact, even if there were a twofold increase in

protein oxidation, it is easy to calculate that this would have only a

mirror effect on the balance between CHO and lipid, given the high

values of oxidation rates that are reached. In addition, it has been

recently demonstrated that acute GH administration does not

significantly impact protein metabolism during exercise.30 Thus,

although a specific study on protein oxidation during exercise in

Fig. 4 Effect of 6 and 12 months (T6 and T12) of GH treatment on crossover 
point expressed as percentage of Wmax th. *P < 0·02.

Fig. 5 Effect of 6 and 12 months (T6 and T12) of GH treatment on fat 
oxidation at Lipox max expressed in mg/min. *P < 0·04; **P < 0·001.

Fig. 6 Effect of 6 and 12 months (T6 and T12) of GH treatment on the rating 
of perceived exertion (RPE) on the Borg scale quoting exercise from 0 to 10 
calculated at 30% Wmax th. *P < 0·01.
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patients with GHD and during GH treatment remains to be done,

we consider that our calculations of exercise calorimetry remain

valid under the conditions of this study.

With this technique, we find significant changes in the ability to

oxidize lipids in GH-deficient patients when they are treated with

GH. The balance of substrates, which was shifted towards a predom-

inance of CHO compared to the control group, changes after GH

treatment, towards an increase in lipid oxidation during exercise.

Because of the major effects of the GH–IGF-I axis on body compo-

sition, it is logical to assume that changes in FFM and fat mass

explain most of these metabolic alterations. However, these relation-

ships between body composition and the balance of substrates at

exercise do not appear clearly in this study (despite a highly signif-

icant increase in FFM after GH treatment). This is probably because

in one patient treated with GH there was a paradoxical increase in

fat mass due to modifications in his eating behaviour. In two

preceding studies in obese patients submitted to regular training,14,15

we observed that the changes in the balance of substrates at exercise

appeared earlier than the changes in body composition. Whether this

is also the case in GH-deficient patients remains to be studied.

Obviously, most of the effect of GH on body composition is due to

its metabolic actions at rest, but the alterations of exercise fuel

metabolism may be a sensitive and early marker of overall GH effects

on the balance of substrates. Further studies are needed to clarify

this issue.

These results are thus likely to indicate that GH plays an important

role in the regulation of fuel selection at exercise. As discussed above,

GH-induced modifications of body composition are quite moderate

and are not likely to explain an important part of this effect. It seems

likely therefore that the metabolic actions of GH (on its own or

mediated by IGF-I) are the major explanation for this effect. It has

been shown that acute administration of GH leads to a subsequent

increase in plasma glycerol and nonesterified fatty acids (NEFAs) at

rest, indicating increased lipolysis,31,32 and such a mechanism could

explain to some extent this increase in fat oxidation. However, very

limited information is available on metabolic effects during exercise

of prolonged GH administration. As GH induces a rise in IGF-I,

the effect of IGF-I on the metabolic changes observed here should

be discussed. In a preceding cross-sectional study in professional

soccer players, we found that serum levels33 of IGF-I and IGFBP3

correlated with the ability to oxidize lipid during exercise,34

suggesting that an enhanced secretory ability of the somatotrophic

axis improves lipid oxidation at exercise. However, recent studies

show that IGF-I at physiological doses does not increase lipid

oxidation but rather decreases it,35 an effect that appears to be

blunted in diabetes and is probably also impaired during exercise

due to IGF-I trapping by its binding proteins. A stimulatory effect

of IGF-I on lipid oxidation has only been described at supraphysi-

ological concentrations and is thus very unlikely to explain our

findings. According to the bulk of the literature on this subject, it

seems logical to interpret the changes in lipid oxidation as mostly

resulting from the lipolytic action of GH. Recent studies investigat-

ing the metabolic effects of an acute exposure to GH during

muscular activity mostly report regulation of lipid metabolism with

little or no effect on proteins and glucose.30 Therefore, alterations of

lipid oxidation under GH treatment may be due to a direct GH effect

rather than an IGF-I-mediated effect. These findings are consistent

with the hypothesis that a lack of GH reduces the ability to oxidize

lipids during exercise and that GH treatment restores this muscular

metabolic property.

In conclusion, this study finds evidence of impairment in the

ability to oxidize lipids at exercise in GHD, and its reversal after

long-term GH treatment. Therefore, besides its increasing effects on

FFM, GH may regulate the ability of muscle to oxidize lipids at

exercise, so that GH treatment restores this metabolic process, which

is impaired in GH-deficient adults.
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